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von Coelln, R., Dawson, V.L., and Dawson, T.M. (2004). Cell Tissue ment for specific regulation of palmitoylation has driven
Res. 318, 175–184. the search for the PATs that could modulate processes
Yamamoto, A., Friedlein, A., Imai, Y., Takahashi, R., Kahle, P.J., such as neuronal protein trafficking and synaptic plas-
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November 22, 2004. 10.1074/jbc.M407724200
In this issue of Neuron, both Fukata et al. (2004) and
Huang et al. (2004) describe the properties of recently
identified PATs and specifically look at their abilities
to palmitoylate synaptic proteins (of which the most
prominent is debatably the postsynaptic scaffoldingGreasing Transmission:
protein, PSD-95). Fukata et al. took a genomic approachPalmitoylation at the Synapse and determined all the possible PATs in the mouse ge-
nome based on the presence of a DHHC motif. This
sequence of amino acids (single-letter code) was deter-
mined to be required for activity in yeast PATs and wasPosttranslationalmodifications such as palmitoylation
identified by a forward genetic approach (Linder andhave the ability to modulate protein localization and
Deschenes, 2004). Fukata and coworkers isolated a totalfunction. The reversible addition of the fatty acid pal-
of 23 different mouse PATs which they name DHHC-1mitate to proteins has been known to occur in neurons
through -23. These were then tested for their ability tofor a considerable amount of time and has been no-
palmitoylate PSD-95 in transfected nonneuronal cells,ticed to be of particular importance at synapses. In
in a cell-free assay and in neurons. DHHC-2, -3, -7, andthis issue of Neuron, Huang et al. and Fukata et al.
-15 showed the strongest specificity for PSD-95. Theydescribe their studies of palmitoyl transferases and
further described the differing specificities of these en-how these enzymes specifically catalyze themodifica-
zymes for other palmitoylated proteins, such as GAP-tion of a number of synaptic proteins, including the
43, SNAP-25, Lck, Gs, and H-ras.postsynaptic scaffolding protein PSD-95.
To determine an effect of palmitoylation of PSD-95,
they investigated the ability of the PSD-95 PATsOnce proteins have been synthesized on free ribosomes
(P-PATs) to change the distribution of PSD-95 from aor on rough ER, they have the potential to be modified
diffuse pattern to a distinctly perinuclear localization.by a series of posttranslational additions, such as phos-
Since DHHC-15 showed the greatest increase in palmi-phorylation, ubiquitination, glycosylation, acetylation,
toylation of PSD-95, they chose this as their favorite andand lipid modification. Lipid modifications can include
mutated this P-PAT to eliminate its palmitloyl trans-the addition of myristoyl, prenyl, and palmitoyl moieties
ferase activity. They thereby noticed that mutations atto the protein. Lipid modifications increase the overall
the active site of this enzyme transform these mutantshydrophobicity of the protein and can thereby facilitate
into dominant-negative forms. They proceeded to takethe interaction of proteins with cellular membranes. The
advantage of these dominant-negative DHHC-15 mole-addition of palmitic acid to proteins in neurons has long
cules to demonstrate that palmitoylation by this P-PAT
been known (Bizzozero, 1997).
is indeed important for the punctate localization of PSD-
More recently, palmitoylation has specifically been
95 and the surface localization of AMPA receptor GluR1.
shown to play a role in axon pathfinding, neuronal pro-
In contrast, Huang et al. concentrated on one PAT
tein trafficking, and the clustering of receptors and asso- which was cloned by virtue of its interaction with hunt-
ciated scaffolding proteins at synapses (El-Husseini and ingtin and aptly named HIP14 (huntingtin-interacting
Bredt, 2002). Also, this modification has been well de- protein). Due to the presence of a DHHC motif, they
scribed for a number of presynaptic proteins, including surmised that it may be aPAT and described its specific-
the SNARE proteins VAMP, SNAP-25, and synaptotag- ity for a number of synaptic proteins. It was shown to
min, which are involved in synaptic vesicle fusion (Veit palmitoylate PSD-95, SNAP-25, synaptotagmin I, hunt-
et al., 1996, 2000). Despite the huge importanceof palmi- ingtin, and GAD65. HIP14 did not demonstrate enzy-
toylation on function in the nervous system, it was only matic activity toward H-ras, paralemmin, Lck, or synap-
in the last couple of years that the enzymes that catalyze totagmin VII. They also proceeded to use the same
the transfer of palmitate, palmitoyl transferases (or localization assay as Fukata et al., by which they investi-
PATs), were described in yeast (Linder and Deschenes, gated the correlation of enzymatic activity and the ability
2004). Palmitate is transferred from Coenzyme A to spe- to cause proteins to localize to a distinct perinuclear
cific cysteine residues in prettymuch any location within milieu. EM and immunocytochemistry demonstrated lo-
the amino acid sequence of a huge variety of proteins. calization of HIP14 predominantly to the Golgi appara-
Proteins that are modified range from small cytosolic tus, although immunogold particles were also seen at
proteins (e.g., H-ras) to large transmembrane receptors tubulovesicular organelles in dendrites, axons, and
(e.g., GABA-A receptor) to secreted factors (e.g., sonic spine necks. Live imaging showed trafficking of HIP14
hedgehog). The cysteine residue to which the C16 fatty together with clusters of SNAP25. To determine a re-
acid chain is added is highly reactive and, in fact, this quirement of palmitoylation by HIP14 for the punctate
modification can occur in vitro without the need for an distribution of PSD-95, rather than using a dominant-
enzyme (Veit, 2000). The thioester bond that is formed negative, Huang and coworkers used siRNA to effec-
is labile and thus reversible. It has been shown that tively knock down the level of HIP14 in neurons (see
regulation of the extent of palmitoylation is required to Figure 1).
control a number of processes during development and While both of these studies elegantly demonstrate the
catalysis of palmitoylation of PSD-95 and its require-signaling (El-Husseini and Bredt, 2002). This require-
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tion may increase the partitioning of modified proteins
into lipid rafts. Increased availability to these signaling
platforms could enhance function. Thus, palmitoylation
of PSD-95 could cause association with lipid rafts, a
known component of synapses (Hering et al., 2003). One
little tested hypothesis, however, is that palmitoylation
may directly change protein-protein interactions. This
was suggested by in vitro studies of the palmitoylation
of the presynaptic protein SNAP-25 and its interaction
with other components of the synaptic vesicle fusion
machinery (Washbourne et al., 2001). In this regard, one
could imagine that palmitoylation of PSD-95maymodu-
late a number of interactionswith itsmultitude of binding
Figure 1. PSD-95 Distribution and Palmitoylation partners (Kim and Sheng, 2004), thereby bringing about
Hippocampal neurons in which endogenous levels of HIP14 have its synaptic localization.
been reduced by using siRNA (right) show reduced clustering of It is interesting that such a large number of synaptic
PSD-95 (red). The left panel shows the effect of control siRNA. (See
proteins are palmitoylated. Why is it that the synapseHuang et al., this issue.)
seems to have chosen palmitoylation over myristoyla-
tion and prenylation? Could it be that the reversible
nature of palmitoylation, which can readily be regulatedment for localizationofPSD-95 in discrete clusters, there
by PATs and palmitoyl thioesterases, makes continuousremain very important questions to be answered and
and fast modulation of the synapse possible? The stud-some discrepancies. The huntingtin-interacting protein
ies in this issue provide a solid basis on which we canHIP14 is no other than DHHC-17, a PAT with moderate
now move forward to describe not only the molecularto no palmitoyl transferase activity for PSD-95 in the
function of palmitoylation, but also investigate thehands of Fukata et al., even using the same nonneuronal
mechanisms by which neuronal palmitoylation is regu-system (COS cells). In addition, Lck was clearly shown
lated and, in turn, can modulate synaptic activity bothto be palmitoylated by Fukata and colleagues, whereas
pre- and postsynaptically.Huang et al. did not reveal such activity. Importantly, if
PSD-95 can be palmitoylated by at least four PATs that
are present in brain and neurons, why were such large
effects on PSD-95 localization seen in neurons when Philip Washbourne
only DHHC-15 or HIP14/DHHC-17 was inhibited or Institute of Neuroscience
knocked-down, respectively? These discrepancies may University of Oregon
simply reflect differences in experimental procedures, Eugene, Oregon 97403
but they do suggest the requirement for a rigorous ki-
netic study of the enzymes to establish more precise Selected Reading
substrate specificities in neurons.
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